Substrate specificity and selectivity of a biocatalyst are determined by the protein 28 sequence and structure of its active site. Finding versatile biocatalysts acting against multiple 29 substrates while at the same time being chiral selective is of interest for the pharmaceutical and 30 chemical industry. However, the relationships between these two properties in natural microbial 31 enzymes remain underexplored. Here, we performed an experimental analysis of substrate 32 promiscuity and chiral selectivity in a set of 145 purified esterases from phylogenetically and 33 environmentally diverse microorganisms, which were assayed against 96 diverse esters, 20 of 34 which were enantiomers. Our results revealed a negative correlation between substrate 35 promiscuity and chiral selectivity in the evaluated enzymes. Esterases displaying prominent 36 substrate promiscuity and large catalytic environments are characterized by low chiral selectivity, a 37 feature that has limited commercial value. Although, low level of substrate promiscuity does not 38 guarantee high chiral selectivity, the probability that esterases with smaller active sites possess 39 chiral selectivity factors of interest for industry (>25) is significantly higher than for promiscuous 40 enzymes. Together, the present study unambiguously demonstrates that promiscuous and 41 selective esterases appear to be rare in nature and that substrate promiscuity can be used as an 42 indicator of the chiral selectivity level of esterases, and vice versa.
Introduction

46
Presently, there is a great necessity of suitable biocatalysts with high process performance, as greener alternatives to chemical synthesis [1, 2] . It is expected that up to 40% of bulk chemical 48 synthesis processes could be substituted by enzymatic catalysis by 2020 [1] . Along with 49 requirements of a technical nature such as process development and optimization, it is however 50 widely recognized that the establishment of enzymatic processes is mainly a problem of finding, 51 optimizing or designing new and/or better performing enzymes. Nature is a rich reservoir from 52 where enzymes can be isolated [3, 4] , because they are continuously evolving as a consequence of 53 natural selection. Promiscuous enzymes are effective for converting multiple substrates, thus, they 54 are industrially relevant [4] [5] [6] . Enzymes need to also be robust and, preferably, chiral selective to 55 reduce raw material costs in the synthesis of pure chiral compounds [1, 2, 4] . That is, they need to be 56 able to cleave preferentially only one chiral ester when offered a racemic mixture. Is it possible to 57 find versatile enzymes displaying prominent substrate range and stringent chiral selectivity?
58
Evaluating this possibility was the starting point of the present study.
59
In this study we are interested in investigating as model enzymes serine ester hydrolases, 60 hereafter referred to as esterases, from the structural superfamily of α/β-hydrolases. The activity of 61 these esterases relies mainly on a catalytic triad usually formed by Ser, Asp/Glu and His [8] . This 62 enzyme class was selected for a number of reasons: it is widely distributed in the environment, it has 63 important physiological functions, it includes hydrolases that are among the most important 64 industrial biocatalysts, and extensive biochemical knowledge has been accumulated [4, 5, 7] .
65
Just focusing on those from uncultivated microorganisms discovered through metagenomic 
77
[26], and esters of secondary alcohols [27, 28] , to cite some. The advances in metagenomics 78 techniques and screening methods have allowed the discovery of these and other selective esterases 79 [29] . These studies exemplify that esterases with selective character occur naturally, and that their 80 chiral preference depend on structural factors in the proximity of the active-site. However, whether 81 the selective character of these esterases, and many others, is linked to a broad or a narrow substrate 82 spectrum has not been investigated, due to limited substrate sets employed.
83
Here we investigate the relationships between the level of substrate promiscuity and chiral 
104
To find the relationships between substrate promiscuity and chiral selectivity we calculated the 105 chiral selectivity factor for each of the 145 esterases and the 20 chiral esters tested (i.e. two 106 enantiomers per pair) that were included in the 96-ester library (Figure 1 ). Selectivity factor was 107 calculated as the ratio of specific activity (U g -1 ) of the preferred over the non-preferred chiral ester 108 when both esters were tested separately (see Materials and Methods). These calculations were 109 extracted from datasets reported previously [5] . It should be mentioned that these apparent values showed stringent selectivity, that is they were capable of hydrolyzing only one of the enantiomer 122 ( Figure 3) . Twelve of them were characterized by selectivity factors ranging from 25.9 to 59.3, and 123 three did show prominent selectivity factors ranging from 219 to 686 (Figure 2; Figure 3 ).
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As shown in Figure 2 , we found a negative association between the level of substrate 125 promiscuity, by meaning of the number of esters hydrolyzed, and the chiral selectivity factor. More 126 in details, according to criteria previously established [5] we considered an esterase specific if it 127 hydrolyses 9 esters or fewer, as moderate-to-highly promiscuous if it hydrolyses between 10 and 42 128 esters, and as prominently promiscuous if it hydrolyses 42 or more esters. None of the 25 hydrolases 129 which showed a selectivity factor  25 were prominently promiscuous. Rather, they were capable of 130 accepting 36 or fewer substrates. However, not all hydrolases converting 36 or fewer esters and 131 acting against chiral esters were selective according to the 25-selective factor threshold. Indeed, only 132 25 out of 85 in total (or 29%) were selective, with different selectivity factors and chiral preferences 133 ( Figure 3 ). This is most likely due to the fact that the ability to selectively hydrolyze an enantiomer in All chemicals for which activity data are reported were of the purest grade available and were 175 purchased as reported [5] . The present study used datasets of hydrolytic activity (U g -1 ) for 145
